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2 3 $\Gamma(t)$ ( )
3 3 $\Gamma(t)$
$(t,x)=(t,x_{1},x_{2},x_{3})\in R\cross R^{3}$ , $u(t,x)=(u_{1},u_{2},u_{3})$
$div\vec{u}=0$ , $x\in R^{3}$ ,




$f(t, x_{1},x_{2})$ $W^{\pm}(t)$ $uj(t, x)$
$uj(t, x_{1}, x_{2}, f(t, x_{1}, x_{2}) \pm 0)=\lim_{\epsilonarrow+0}uj(t, x_{1}, x_{2}, f(t,x_{1},x_{2})\pm\epsilon)$
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Theorem 1.1. $[0,T]\cross R^{3}$ rot $u,$ $divu$
$n=(-f_{x_{1}}, -f_{x_{2}},1)$
(1.1) rot $u=-\delta(x_{3}-f(t,x_{1},x_{2}))(J\cross n)$
$(1\cdot 2)$ $divu=\delta(x_{3}-f(t,x_{1},x_{2}))(J\cdot n)$




























3 $f(t,x_{1},x_{2}),$ $\Omega_{1}(t,x_{1},x_{2}),$ $\Omega_{2}(t,x_{1},x_{2})$
\S 2. Birkoff-Rott
Proposition 2.1. 3 Birkoff-Rott :
$(2\cdot 1)$ $f_{t}+U_{1}f_{x_{1}}+U_{2}f_{x_{2}}=U_{3}$ ,
$(2\cdot 2)$ $\Omega_{1t}+(U_{1}\Omega_{1})_{x_{1}}+(U_{2}\Omega_{1})_{x_{2}}=\Omega_{1}U_{1,x_{1}}+\Omega_{2}U_{1,x_{2}}$,
$(2\cdot 3)$ $\Omega_{2t}+(U_{1}\Omega_{2})_{x_{1}}+(U_{2}\Omega_{2})_{x_{2}}=\Omega_{1}U_{2,x_{1}}+\Omega_{2}U_{2,x_{2}}$ .
2 $(t,x)=(t,x_{2},x_{3})\in R\cross R^{2}$ ,















$(2\cdot 5)$ $[-u_{2}f_{x_{2}}+u_{3}]_{\Gamma(t)}=-U_{2}f_{x_{2}}+U_{3}$ .
118
$divu=u_{2,x_{2}}+u_{3x_{3}}=0$





(2 Birkoff-Rott ). Q.E.D.
( ) $\Omega(t,x_{1},x_{2})$ (
) $u(t,x_{1},x_{2},x_{3})$ -
$x_{3}arrow\pm\infty$ $uarrow 0$ $u(t,x_{1},x_{2},x_{3})$ -
( ). $f(t,x_{1}x_{2}),$ $\Omega(t,x_{1},x_{2})$
Biot-Savart $u(t,x_{1},x_{2},x_{3})$
$u(t,x_{1},x_{2},x_{3})= \frac{-1}{4\pi}\int_{R^{2}}\frac{(x_{1}’x_{2}’,X)\cross\Omega(tx_{1}-x_{1}’,x_{2}-x_{2}’)}{((x_{1})^{2}+(x_{2}’)^{2}+X^{2})^{3/2}}dx_{1}’dx_{2}’$






$J(t,x_{1}x_{2})$ $($ $\Omega(t,x_{1}x_{2}))$ $U(t,x_{1}x_{2})$ Birkoff-
Rott $1^{1}\ovalbox{\tt\small REJECT}$
$\Omega_{3}=f_{x_{1}}\Omega_{1}+f_{x_{2}}\Omega_{2}$ $f=0$ $\Omega_{3}=0$




$U_{1}(t, x_{1}, x_{2})=U_{2}(t, x_{1}, x_{2})=0$ ,






$x=(x_{1}, x_{2}),$ $x’=(x_{1}^{f}, x_{2}’)$ $\Delta=\partial_{x_{1}}^{2}+\partial_{x_{2}}^{2}$
$\mathcal{F}^{p}=\{h(t, x)\in C^{0}([0, T]\cross R^{2});||h||_{p}<\infty$ ,
$h(t, x_{1}+2\pi, x_{2})=h(t, x_{1}, x_{2}+2\pi)=h(t, x)\}$ ,
$||h||_{\mathcal{F}^{p}}= \sup_{(t,x)\in[0,T]\cross R^{2}}|h(t, x)|S+\sup_{(t,x^{1},x^{2})\in\triangle([0,T]\cross R^{2})}\frac{|h(t,x^{1})-h(t,x^{2})|}{|x^{1}-x^{2}|^{p}}$,
$\Delta([0, T]\cross R^{2})=\{(t, x^{1}, x^{2})\in[0, T]\cross R^{2}\cross R^{2};x^{1}\neq x^{2}\}$ ,
$\mathcal{F}^{p+j}=\{h(t, x)\in \mathcal{F}^{p};h(t, x)$ $x$ $j$
$0\leq k\leq j$ $\partial$xkh $\in \mathcal{F}$p $(\omega$ $)$ },
$\mathcal{F}_{0}^{p+j}=\{h(t, x)\in \mathcal{F}^{p+j};\int_{-\pi}^{\pi}h(t, x)dx=0\}$ ,
$||h||_{\mathcal{F}p+j}= \sum_{0\leq k\leq j}||\partial_{x}^{k}h||_{\mathcal{F}^{p}}$
.
(27)






$A_{0}h(x)= \frac{1}{2\pi}f_{R^{2}}$ $\frac{h(t,x)-h(t,x-x’)}{|x|^{3}}dx’$ ,
$A_{k}h(x)= \frac{1}{2\pi}f_{R^{2}}$ $\frac{x_{k}’h(t,x)}{|x|^{3}}dx’$ , $k=1,2$
$A_{0}$ $-3$ $|x’|^{-3}$ 1 $A_{0}:\mathcal{F}^{p+j+1}(\omega)arrow$
$\mathcal{F}^{p+j}(\omega)$ $A_{0}=(-\Delta)^{1/2}$ $k=1,2$ $A_{k}$
$-2$ $|x’|^{-3_{X_{k}}}$ $0$ $A_{k}:\mathcal{F}^{p+j}(\omega)arrow \mathcal{F}^{p+j}(\omega)$
$A_{k}=-(-\Delta)^{-1/2}\partial_{x_{k}}$
Riesz $A_{0}$ : $\mathcal{F}_{0}^{p+j+1}(\omega)arrow \mathcal{F}_{0}^{p+j}(\omega)$
Remark. Remark $f=0$ $U(t, x)$ $\Omega_{1},$ $\Omega_{2}$ Riesz
$\mathcal{F}^{p+j}(\omega)^{2}\ni(\Omega_{1}, \Omega_{2})(U_{1}, U_{2}, U_{3})\in \mathcal{F}^{p+j}(\omega)^{3}$
$\mathcal{F}_{R}^{p+j}(\omega)\cross \mathcal{F}^{\varphi+j+1}(\omega)^{2}\ni(\Delta f, \Omega_{1}, \Omega_{2})(U_{1}, U_{2}, U_{3})\in \mathcal{F}^{p+j+1}(\omega)^{3}$
Birkofff-Rott $f(t, x),$ $\Omega_{1}(t, x),$ $\Omega_{2}(t, x))$
$f(t, x)$ $f_{0}(t, x)=\triangle f(t, x)$ (2.7)
$f(t, x_{1}, x_{2})$




(3.1) $f_{0}\in \mathcal{F}^{p+1}(\omega),$ $\Omega_{1}\in \mathcal{F}^{p+2}(\omega),$ $\Omega_{2}\in \mathcal{F}^{p+2}(\omega)$
$||f_{0}||_{\mathcal{F}^{p+1}},$ $||\Omega_{1}-1||_{\mathcal{F}^{p+2}(\omega)},$ $||\Omega_{2}||_{\mathcal{F}^{p+2}(\omega)}<<1$ .
(2.1) $\Delta$
$\Delta f_{t}+U_{1}\triangle f_{x_{1}}+2\nabla U_{1}\cdot\nabla f_{x_{1}}+f_{x_{1}}\Delta U_{1}+U_{2}\Delta f_{x_{1}}+2\nabla U_{2}\cdot\nabla f_{x_{2}}+f_{x_{2}}\Delta U_{2}=\Delta U_{3}$ ,
ie.
$f_{0,t}+U_{1}f_{0,x_{1}}-2\nabla U_{1}\cdot\nabla A_{1}A_{0}^{-1}f_{0}-A_{1}A_{0}^{-1}f_{0}\triangle U_{1}$









(3.2) $f_{0,t}+U_{1}f_{0,x_{1}}+U_{2}f_{0,x_{2}}=2\nabla U_{1}\cdot\nabla A_{1}A_{0}^{-1}f_{0}+A_{1}A_{0}^{-1}f_{0}\Delta U_{1}$
$+2\nabla U_{2}\cdot\nabla A_{2}A_{0}^{-1}f_{0}+A_{2}A_{0}^{-1}f_{0}\Delta U_{2}+\Delta U_{3}$ ,
(3.3) $f_{1,t}+U_{1}f_{1,x_{1}}+U_{2}f_{1,x_{2}}=-(U_{1,x_{1}}+U_{2,x_{2}})f_{1}$




$f_{0},$ $f_{1},$ $f_{2}\in \mathcal{F}^{p+1}(\omega)$
$||U_{1}||_{\mathcal{F}^{p+1}(\omega)},$ $||U_{2}||_{\mathcal{F}^{p+1}(\omega)},$ $||U_{3}||_{\mathcal{F}^{p+1}(\omega)}\ll 1$
$\partial_{x_{k}}U(t, x)=\frac{-1}{4\pi}f_{R^{2}}$ $\frac{(x_{1}^{f},x_{2}’,f(t,x)-f(t,x-x’))\cross\Omega(t,x-x’)}{((x_{1})^{2}+(x_{2}^{f})^{2}+(f(t,x)-f(t,x-x^{f}))^{2})^{3/2}}dx_{1}’dx_{2}’$
$= \frac{3}{4\pi}f_{R^{2}}$ $\frac{(f(t,x)-f(t,x-x^{f}))(f_{x_{k}},(t,x)-f_{x_{k}}(t,x-x’))}{((x_{1}^{f})^{2}+(x_{2}’)^{2}+(f(t,x)-f(t,x-x^{f}))^{2})^{5/2}}$



















$f(t, x_{1}, x_{2}),$ $\Omega_{1}(t, x_{1}, x_{2}),$ $\Omega_{2}(t, x_{1}, x_{2})$ $t=0$
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